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KEY POINTS
 Patients with inflammatory bowel disease may develop dysplasia in the cryptal epithelium,
polypoid neoplasias, and nonpolypoid (flat) adenomas, lesions at risk to proceed to colo-
rectal carcinoma.
 The onset of invasion in nonpolypoid adenomas may occur without changes in the shape
or the size of the lesion.
 In experimental animals, some colonotropic carcinogens induce polypoid and nonpoly-
poid neoplasias and others induce polypoid neoplasias exclusively.
 Some of the biologic attributes of nonpolypoid adenomas in humans can be demon-
strated in laboratory animals.INTRODUCTION
Patients with inflammatory bowel disease (IBD) (an acronym that includes both ulcer-
ative colitis [UC] and Crohn’s colitis [CC]) are at risk to develop dysplasia in the cryptal
epithelium, polypoid and nonpolypoid adenomatous growths, and IBD-independent
sporadic polypoid and nonpolypoid adenomas. All these lesions may proceed to colo-
rectal carcinoma (CRC).
THE HISTOGENESIS OF CRC IN IBD
Information concerning the histogenesis of CRC in IBD is derived from studies done in
patients with UC. At present, 7 alternative pathways have been proposed: (1) from UC-
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Rubio & Slezak456mucosa in the literature; (2) from UC-dependent adenomatoid neoplastic growths1; (3)
from UC-independent, age-dependent, sporadic adenomas1; (4) from gut-associated
lymphoid tissue (GALT)2; (5) from nonpolypoid (UC-dependent and UC-independent)
adenomas3; (6) from UC-dependent discrete villous dysplastic changes4; or (7) from
apparently nondysplastic mucosa (de novo carcinomas).1
HISTOLOGICALLY DETECTED DYSPLASIAS IN IBD
Histologically detected dysplasia in IBD may be found in colorectal glands exhibiting
parallel tubules or bifurcations; in those instances, the dysplasia is initially found in the
basal aspect of the crypts and progresses gradually toward the superficial aspect of
the crypts (base-to-surface progression). In mucosa with advanced atrophy without
crypts, dysplasia may be found in the superficial epithelium.
A recent search in the literature revealed that most of the publications on flat ade-
nomas in IBD concerned dysplasia in flat mucosa, flat dysplasia, flat dysplastic tissue,
or flat low-grade dysplasia. These terms should not be confused with nonpolypoid ad-
enomas, as these adenomas are also flat dysplasias albeit showing a circumscribed
clustering of abnormal crypts lined with dysplastic cells. It is crucial to distinguish be-
tween these 2 different histologic alterations, as cases of nonpolypoid adenomas are
even today being referred to in the literature as flat adenomas. In this article the term
“flat” is reserved for nonpolypoid adenomas.
AN EARLY ILLUSTRATION OF NONPOLYPOID ADENOMAS
In 1975, Mr Bussey from the St. Mark’s Hospital, London, UK published a mono-
graph on colectomy specimens from patients with familial adenomatous polyposis
(FAP). The caption in one of the illustrations reads as follows: “a lesion consisting
of adenomatous tubules, which have not produced any thickening of the mucosa”.
This appears to be the first description of nonpolypoid (flat) colonic adenomas in
FAP.5
THE PIONEER CLINICAL WORK OF MUTO
In 1985, Muto and colleagues6 launched the colonoscopic-histologic concept “flat
adenoma-carcinoma sequence”, uncovering thereby an alternative route to sporadic
colorectal carcinogenesis.
THE WESTERN-JAPANESE CONTROVERSY
Hurlstone postulated that the variability in histologic diagnostic criteria used by
Western and Japanese pathologists have made comparative studies difficult.7 To
by-pass that difficulty, one of the authors (C.A.R.) sought in 1995, histologic guid-
ance and training on sporadic flat colonic adenomas by Dr Tetsuichiro Muto, Tokyo
University, Japan. Subsequently, one of the authors reviewed all sporadic flat ade-
nomas filed at Muto’s Department8 and later examined all sporadic flat adenomas
filed at other hospitals in the Tokyo area.9–11 A total of 1014 flat colorectal lesions
were reviewed in Tokyo, which were compared with 600 lesions in Sweden. Those
studies revealed that sporadic flat (nonpolypoid) adenomas were more advanced (in
terms of high-grade dysplasia [HGD]) and more aggressive (in terms of intramucosal
and submucosal invasion) in Japan than in Sweden. Although the causes for the
difference in those disparate geographic regions remains debatable, the findings
helped us to understand some of the unclear points and discussions that appeared
in the literature on this subject.
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In 1996, Jaramillo and colleagues3 detected at endoscopy 104 small polyps in 38 of 85
Swedish patients with UC: 74% were endoscopically flat, 23% polypoid (20% sessile
and 3% pedunculated), and in 3% the endoscopic appearance was not recorded. The
pathologic examination revealed nonpolypoid (flat) adenomas in 14%, tubular or
villous structures with dysplastic cells in the lower part of the crypts in 5%, nonpoly-
poid hyperplastic polyps in 34%, mucosa with inflammation in 7%, and mucosa in
remission in 40%.
SYNCHRONOUS POLYPOID AND NONPOLYPOID ADENOMATOUS LESIONS IN IBD IN
COLECTOMY SPECIMENS WITH CARCINOMA
Data show that nonpolypoid adenomatous lesions are commonly found in IBD colec-
tomy specimens with carcinoma. One of the authors has previously reviewed 96
colectomy specimens with UC and carcinoma filed at the Department of Pathology,
St Mark’s Hospital, London, UK (Fig. 1). A total of 3049 sections were available in
the 96 colectomy specimens; the mean number of sections/colectomy studied was
31.8 (range 7–97 sections).1 In addition to carcinomas, several circumscribed adeno-
matous lesions were found elsewhere in the colon or rectum; they will be referred to as
synchronous adenomatous lesions (SALs). Using a low-power examination (4x), the
histologic profile of these circumscribed lesions was classified into polypoid and non-
polypoid, both in areas with UC and in areas without inflammation. A total of 104 SALs
were found in the 96 colectomies: 73 SALs, which occurred in areas with inflammation,
and 31 SALs, in areas without inflammation.Fig. 1. Multiple nonpolypoid polyps (cecum, after dye spraying, colectomy specimen, natu-
ral size).
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in areas with inflammation exhibited irregular dysplastic glands with a jigsaw pattern
having irregular bands in the interspersed lamina propria. The mucosa adjacent to
these adenomatous lesions showed irregular, dysplastic crypts. Polypoid SALs
were found in 47% (n 5 34) of the 73 SALs occurring in areas with inflammation.
Polypoid SALs in areas without inflammation had a more regular glandular pattern
and the interspersed lamina propria was more regularly distributed, and the adjacent
mucosa showed no dysplasia. These polypoid lesions were regarded as sporadic
(polypoid) adenomas. Polypoid sporadic adenomas were found in 19% (n 5 18) of
the 96 colectomies and 58% (n 5 18) of the 31 SALs in areas without inflammation.
Nonpolypoid SALs were slightly elevated (en plateau), had discrete villous
changes,4 or were flat-flat. These lesions correspond to type 0 of The Paris endo-
scopic classification of superficial neoplastic lesions. Nonpolypoid SALs were found
in 41% (n 5 39) of the 96 colectomies: 53% (n 5 39) in the 73 SALs found in areas
with inflammation and sporadic adenomas in 42% (n 5 13) of the 31 SALs present
in areas without inflammation.
Invasive carcinomas were detected in 52% (n 5 38) of the 73 SALs found in areas
with inflammation and sporadic adenomas in 32% (n5 10) of the 31 SALs recorded in
areas without inflammations.1
Confirmatory data have been recently collected. In a more recent survey done in
Florence, Italy, out of the 39 colectomy specimens with IBD and carcinoma, polypoid
SALs were found in 21% (n5 4) of the 19 specimens with UC and in 30% (n5 6) of the
20 colectomies with CC. Nonpolypoid SALs were recorded in 11% (n 5 2) of the 19
specimens with UC and in 5% (n 5 1) of the 20 colectomies with CC (Rubio, Nesi,
in preparation).HISTOLOGIC CLASSIFICATION OF NONPOLYPOID (FLAT) LESIONS REMOVED AT
ENDOSCOPY IN PATIENTS WITHOUT IBD
Because of the relative scarce number of cases of nonpolypoid lesions in IBD reported
in the literature, much of the available information on their histologic classification is
based on endoscopically removed flat lesions in patients without IBD. The cause of
the flat lesions varies greatly. Endoscopically removed flat lesionsmay disclose nonpo-
lypoid hyperplastic polyps, nonpolypoid serrated polyps, nonpolypoid adenomas
(tubular, villous, or serrated), or invasive carcinomas. In this regards, prior observations
showed that invasive carcinomas can arise de novo – without surrounding adenoma-
tous tissue.1
Nonpolypoid hyperplastic polyps (Fig. 2) exhibit a group of tall, straight crypts
without serrations, not surpassing twice the thickness of the surrounding mucosa.
Nonpolypoid serrated polyps are classified into type 1 (Fig. 3), having epithelial serra-
tions in the superficial aspect of the crypts, and type 2, displaying similar glands as
those described for sessile serrated polyps (Fig. 4). However, because type 2 is usu-
ally an intramucosal lesion, the term sessile serrated polyp cannot be applied.
Nonpolypoid adenomas (Fig. 5) denote a circumscribed cluster of abnormal crypts
lined with dysplastic cells having proliferative, biochemical, and molecular aberra-
tions; they are surrounded by nondysplastic mucosa. In well-oriented sections, non-
polypoid adenomas may appear slightly elevated, with a height not surpassing
twice the thickness of the nondysplastic surrounded mucosa, or depressed. Based
on the structural configuration of the crypts, these adenomas are classified into
tubular, villous, or serrated. Paneth cell adenoma and fenestrated adenoma are 2 un-
usual phenotypes of nonpolypoid adenomas.8,12
Fig. 2. (A–C) Nonpolypoid hyperplastic polyps, with straight crypts, without serrations. The
crypts are somewhat wider at the luminal aspect than at the base of the polyp, (C) immu-
nostain showing cell proliferation at the base of the hyperplastic crypts (colon, mucosecto-
mies, Ki 67 immunostain, batch MIB1, original magnification 10) ([A] Hematoxylin and
eosin, original magnification 2; [B] hematoxylin and eosin, original magnification 4).
Fig. 3. (A–E) Nonpolypoid serrated polyp type 1 showing serrations in the upper part of the
crypts. Note absence of cellular dysplasia (colon). (A) Nonpolypoid serrated polyp type 1
(lower part); compare with the normal colonic mucosa (upper part, colectomy specimen)
([A] Hematoxylin and eosin, original magnification 2; [B–D] Hematoxylin and eosin, orig-
inal magnification 4; [E] Hematoxylin and eosin, original magnification 10).
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Fig. 4. (A–D) Nonpolypoid serrated polyp type 2 characterized by serrations in dilated, dis-
torted crypts replenished by mucus. The basal aspect of the crypts is wider than the luminal
aspect. Serrations may reach the lower portion of the crypts. Note absence of cellular
dysplasia. The covering luminal mucus may conceal the polyp at endoscopic examination.
Nonpolypoid serrated polyp type 2 has the histologic characteristics of sessile serrated
polyps. However, as it only occupies the normal thickness of the colonic mucosa, nonpoly-
poid serrated polyp type 2 is an intramucosal, nonsessile lesion, (E) base of a crypt with hor-
izontal (lateral) bifurcation, (F) immunostain showing cell proliferation at the base of the
crypts (colon, nonpolypoid serrated polyp type 2, Ki 67 immunostain, batch MIB1) ([A]
Hematoxylin and eosin, original magnification 2; [B,C,F] Hematoxylin and eosin, original
magnification 4; [D,E] Hematoxylin and eosin, original magnification 10).
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On the basis of the degree of severity of intraepithelial nuclear aberration and cell strat-
ification, dysplasia in nonpolypoid adenomas is classified into low-grade dysplasia
(LGD) and high-grade dysplasia (HGD). The dysplastic cells in HGD may exhibit either
hyperchromatic nuclei or hypochromatic nuclei showing a large nucleolus. Colorectal
adenomas with HGD having foci of neoplastic cells in the lamina propria mucosae are
called intramucosal neoplasia.13 Advanced nonpolypoid adenomas are those ade-
nomas having HGD without or with intramucosal neoplasia.14 Advanced nonpolypoid
adenomas are prone to evolve into invasive carcinoma. Invasive carcinomas are those
showing tumor cells and /or glands penetrating through the muscularis mucosa, and
invading the submucosal tissues or beyond.BIOLOGIC ATTRIBUTES OF NONPOLYPOID ADENOMAS
Acidic Mucins
One important function of the colorectal mucosa is to produce acidic mucins. Sections
from flat adenomas were stained with alcian blue pH 2.5 (AB) to highlight sialomucins
and with high iron diamine to evidence sulfomucins. Acid mucins were found in the up-
per and lower parts of the crypts in all sections having normal colonic mucosa, flat
Fig. 5. (A–G) Nonpolypoid tubular adenomas exhibiting various degrees of cellular dysplasia
(colon).A, arrows limit the areawith nonpolypoid adenoma ([A] Hematoxylin and eosin, colec-
tomy specimen, natural size; [B–F] Hematoxylin and eosin, original magnification 4; [G]
Hematoxylin and eosin, original magnification 10).
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per part of the crypts in 72% of the flat serrated adenomas, but in none of the flat
tubular adenomas. In contrast, acid mucins were found in the lower part of the crypts
in 90% of flat tubular adenomas, but in none of the flat serrated adenomas. These find-
ings indicate that acidic mucin production is partially depleted in flat adenomas and
that the depletion in flat tubular adenomas differs topographically from that in flat
serrated adenomas.15Cell Proliferation
All colorectal adenomas display increased cell proliferation. When sections from flat
adenomas were challenged with Ki 67 (batch MIB1) (Fig. 6), high cell proliferation
was found in the upper part of the crypts of flat tubular adenomas and in the lower
part in flat serrated adenomas with or without invasive carcinoma.16 Because of these
findings it was conceived that the dysplastic cells of the lower portion of the serrated
crypts might be genuine neoplastic cells, prone to invade the host.p53
Mutation of the p53 gene in adenomas is associated with late progression to carci-
noma. When flat adenomas were challenged with the protein encoded by the TP53
gene, 62% of the flat tubular adenomas with HGD, 67% of the flat (traditional) serrated
adenomas with HGD, and all carcinomas arising in those adenomas overexpressed
p53. Thus, a high proportion of flat adenomas (tubular and serrated) and resulting car-
cinomas concur (Figs. 7–10) with mutation of the p53 protein.17
Fig. 7. (A–C) Nonpolypoid adenomas with intramucosal carcinoma. Note invasion in the
lamina propria without invasion of the submucosal layer. (D–F) show no invasion or pene-
tration of themuscularis mucosa (at arrows) ([A,D,E] Hematoxylin and eosin, original magni-
fication 2; [B] Hematoxylin and eosin, original magnification 4; [C] Hematoxylin and
eosin, original magnification 10).
Fig. 6. (A–D) Cell proliferation starting at the luminal aspect of the dysplastic crypts (colon,
nonpolypoid tubular adenomas, Ki 67 immunostain, batch MIB1).
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Fig. 8. (A–D) Nonpolypoid adenomas, with invasive carcinoma in the submucosal layer.
Arrows show invasive carcinoma in A and C. ([A–C] Hematoxylin and eosin, original magni-
fication 2; [D] Hematoxylin and eosin, original magnification 10).
Fig. 9. (A–D) Nonpolypoid neoplasias in UC. (A, B) Intramucosal invasion. Note lack of inva-
sion of the muscularis mucosa, (B–D) neoplastic glands invading the submucosal layer (at
arrows) ([A,D] Hematoxylin and eosin, original magnification4; [B] Hematoxylin and eosin,
original magnification 10; [C] Ki67 immunostain, original maginification 2).
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Fig. 10. (A–C) Nonpolypoid adenoma with carcinoma invading the muscularis propria (UC,
MNF 116, immunostain, original magnification 2); (B) nonpolypoid villous dysplasia with
invasive carcinoma at arrows (UC); and (C) nonpolypoid villous dysplasia with mucus-
producing adenocarcinoma (UC) ([B] Hematoxylin and eosin, original magnification 2;
[C] Hematoxylin and eosin, original magnification 4).
Rubio & Slezak464Collagenesis and Microangiogenesis
In the mesenchymal core of polypoid adenomas, both collagen (the principal and most
abundant component of the connective tissue) and microvessels are markedly
increased. In contrast, none to slightly increased collagen and microvessels are found
in nonpolypoid adenomas. Because molecular signals released from mesenchymal
cells evoke collagenesis and those from neoplastic cells, microangiogenesis, it was
entertained that 2 disparate molecular signals are instrumental in triggering collagen-
esis and microangiogenesis in the mesenchymal core of polypoid adenomas. The
paucity of collagenesis and microangiogenesis in nonpolypoid adenomas suggest
that these 2 molecular signals are either inadequately or not elaborated, elaborated
but not released, or locally abrogated.18
Lymphocytic Infiltration
Intraepithelial lymphocytes (IELs) are often seen in polypoid and nonpolypoid ade-
nomas. Nonpolypoid adenomas with HGD contain more IELs than those with LGD,
implying that the degree of IEL infiltration increases with increasing degree of
dysplastic severity and/or with the increasing biologic age of the adenoma. Notably,
38% of the nonpolypoid adenomas exhibited a subjacent lymphoid aggregate.19 It
is not inconceivable that lymphoid aggregates might evolve as an immunologic
mucosal response, as do occur in newly formed lymphoid aggregates in CC.20
Apoptosis
Intraepithelial granules (Leuchtenberger bodies) are often found in polypoid and non-
polypoid adenomas. In a survey, 84% of the nonpolypoid (flat) adenomas exhibited
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in the subnuclear basal aspect of the dysplastic cells facing the basement mem-
brane, denoting that the cells responsible for the apoptotic granules were to be
found in the vicinity of the lamina propria normally infiltrated by lymphocytes.21
Direct immunoperoxidase detection of nuclear DNA fragmentation and transmission
electron microscopy comfirmed that these DNA-containing bodies were apoptotic
(nuclear) fragments from disintegrated lymphocytes, and not nuclear remnants
from dead dysplastic cells.22 In fact, dysplastic cells remained undamaged (as
deduced from transmission electronmicroscopy and nuclear DNA proliferation
markers).
Semiquantitative assessments of apoptotic granules showed that the number of flat
adenomas with excessive granular density was highest amongst those with HGD.
Hence, apoptosis in nonpolypoid adenomas might express a mechanism of cell de-
fense, whereby neoplastic cells inflict apoptosis on IEL in advanced nonpolypoid
adenomas, through the Fas-FasL pathway.23
Importantly, the frequency of apoptotic granules in flat adenomas is similar in Japan
and Sweden, implying that apoptosis in those lesions neither is influenced by race nor
by the environment.
K-RAS
The authors demonstrated a low K-rasmutation rate in flat adenomas. Cancers arising
de novowere significantly associated with loss of heterozygosity at chromosome 3p.24
LESSONS FROM THE ANIMAL WORLD
The chronologic appearance of flat adenomas was traced in a cohort of rats injected
with dimethylhydrazine (DMH). Flat adenomas developed earlier (week 13) than
polypoid adenomas (week 15). Flat adenomas were more numerous on week 19,
whereas polypoid adenomas were more numerous on week 22.25
Polypoid carcinomas evolved earlier (week 15) than flat carcinomas (week 19), and
on week 22, 63% of the carcinomas were polypoid but only 25%were flat carcinomas.
Flat adenomas in right colon progressed more rapidly to invasive carcinoma than
polypoid adenomas, whereas protruding adenomas in the left colon progressed
more rapidly to invasive carcinoma than flat adenomas.25
BIOLOGIC ATTRIBUTES OF NONPROTRUDING ADENOMAS IN RATS
Lymphocytic Infiltration and Apoptosis
IELs and apoptotic granules were found in 95% and 98% of the tumors induced by
GLU, a mutagen of glutamic acid, but only in 21% of DMH-induced neoplasias. The
presence of IELs and apoptotic granules in GLU-induced tumors, and their absence
in most of the DMH tumors, is puzzling. However, GLU neoplasias were induced by
daily doses for 24 months, whereas DMH neoplasias by weekly doses, for up to
6 months. It would appear that “slowly growing” colonic GLU neoplasias often attract
IELs leading to apoptosis, whereas “rapidly growing” DMH tumors seldom elicit those
reactions.26,27
Acid Mucins
AB-stained sections from the colon of rats with simultaneously growing tumors were
quantified in an image analyzer. The AB-positive areas occupied only 35% of the
mucosa, both in tumor-bearing rats and in nontumor-bearing DMH-treated rats,
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tracted DMH treatment or to a genuine biochemical premalignant change in the
colonic mucosa.28
Colonotropic Carcinogens and Flat Adenomas
After DMH injection to 278 rats, 358 neoplasias developed. Of the 60 colonic ade-
nomas, 25% were flat adenomas, and of the 298 colonic carcinomas, 13% were
flat carcinomas originating in flat adenomas, 28% protruding carcinomas, and the
remaining 30% lymphoid-associated carcinomas (originating in GALT).
After GLU treatment to 112 rats, 52 polypoid adenomas and 11 polypoid carci-
nomas evolved; flat neoplasias did not develop.27 Taken together, these animal
studies suggest that DMH might be the carcinogen of choice to recreate the human
model of carcinogenesis, namely nonpolypoid neoplasias, polypoid neoplasias, and
GALT carcinomas. The limitation is that DMH elicits in rats a high percentage of
GALT carcinomas, a phenotype that infrequently occurs in the human counterpart.29
Of particular interest is the recent finding of Iishi and colleagues30 in rats; using
azoxymethane and pravastatin, an inhibitor of ras p21 isoprenylation, an increased
number of flat adenomas was achieved.
SUMMARY
Because few cases of nonpolypoid adenomas are being detected and followed in
IBD, it remains unknown whether these adenomas develop before, simultaneously,
or after the appearance of histologically detected dysplasias or adenomatoid neopla-
sias. The design of new animal models might be of help in obtaining this basic
information.
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